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METHOD FOR SURFACE TREATMENT OF ALUMINUM ALLOY 



HIGH-TEMPERATURE PROCESSED ARTICLES 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a surface treatment method 
for treating the surface of an aluminum alloy containing, 
e.g., 2.0* (by weight; the same applies hereinafter) or 
more of Mg and having been processed at a high 
temperature, to thereby obtain surf ace- treated aluminum 
alloy high- temperature processed articles as exemplified 
by construction materials, transport machinery materials, 
ornamentals, vessel© and so forth having a good 
anticorrosion, a good adhesion of coatings and a beautiful 
surface appearance. 

2 . Description of Related Art 

Aluminum high-temperature processed articles as 
exemplified by superplastic processed articles have been 
not feasible for uses that require beauty, adhesion of 
coatings and anticorrosion. for the following reasons. 

In the case of processed articles of superplastic 
materials whose surfaces have been clad with pure aluminum 
as in SUPRAL100 (trade name; available from Alcan Co.). 
there are so»e examples in which the processed articles 



# ... 

are used after surface treat© nt with r latively small 
probl m . However, since they are clad materials, a cost 
increase can not be avoided - 

In general, in such instances, it can be 
contemplated that adhesion of coatings and anticorrosion 
can be improved by mechanically removing surface layers 
through, e.g., air blast using alundum or the like as an 
abrasive. This method, however, tends to cause warpage 
and strain, and, because of the abrasive that may be 
buried in the surfaces, may cause blackening, poor 
adhesion of coatings and so forth after further surface 
treatment such as coating. 

It can be also contemplated to use the known means 
as disclosed in the following publications. There , 
however, are problems also set forth below together. 
Japanese Patent Laid-open No. 50-86540: 

This discloses that an aluminum substrate is treated 
with an aqueous alkali silicate solution, and thereafter 
treated with a vinylidene chloride resin to form an 
anticorrosive coating. 

This method has the problem that the treatment tends 
to become uneven when the treatment with an alkali 
silicate is applied, making it difficult to obtain 
homogeneous coat ings . 

Japanese Patent Laid-open No. 4-04781: 
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This discloses that an aluminum sheet surface is 
d greased with a weak alkali and thereafter treated in an 
aqueous solution containing an oxidizing agent to form a 
boehmite coating. 

This method has the problem that defective coating© 
and blackening may occur during boehmite treatment and 
coating treatment. 

Japanese Patent Laid-open No. 1-212775: 

This discloses that etching is carried out in en 
aqueous acidic solution of pH 2 or less containing 
chloride ions, followed by etching in an aqueous alkaline 
solution Of pH 13 or more. 

This method has the problem that it requires two- 
stage treatment, which makes productivity poor to cause a 
cost increase. Moreover, because of occurrence of smuts, 
difficulties such as defective coatings may be caused in 
the subsequent coating and chemical conversion* 
Japanese Patent Laid-open No. 2-97700; 

This, discloses that decreasing is applied in an 
aqueous solution to which a surface active agent has been 
added, and thereafter anodic polarization electrolysis and 
cathodic polarization electrolysis are alternately carried 
out . 

This method has the problem that an uneveness may be 
caused during electrolysis in the aqueous surface' active 
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agent solution, and. in an attempt to obtain uniform 
treated surfae s, electric power is required in a large 
quantity, leading to a cost increase. In addition, this 
method can not be applied to articles having complicated 
shapes . 

On the surface of aluminum alloy processed at a high 
temperature of 200'C or above, an oxide layer is formed. 
In this oxide layer, a number of cracks ere present, and 
the cracks cause a lowering of anticorrosion. The 
thickness thereof is also non-uniform. When processed at 
a high temperature as in the present invention, the 
material may undergo deformation and oxide layer formation 
at the same time, so that the layer becomes partly thick 
and partly thin. Accordingly, in order to obtain a good 
anticorrosion. a uniform and dense coating must be formed 
so that the disadvantages of the natural oxide layer can 

be compensated. 

In the present invention, an aluminum alloy 
containing, e.g.. 2* or more of Mg is used. The Mg tends 
to segregate on the surface of aluminum, and any presence 
of an oxide layer on the surface further promotes the 
tendency of segregation. The Mg having segregated on the 
surface forms magnesium oxide by its reaction with oxygen 
in the atmosphere. The magnesium oxide is alkaline, and 
adversely affect the anticorrosion, adhesion of coatings 
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and surface appearance. Hence, it ia necessary to 
eliminate the influence of Mg on the surface or in the 
vicinity of the surface. 

SUMMARY OF THE INVENTION 

An object of the present invention ia to provide a 
method for treat ing the surface of an aluminum alloy high- 
temperature processed article by removing the surface 
oxide layer formed during high-temperature processing and 
the Mg having segregated on the surface or in the vicinity 
of the surface, vhich method can improve anticorrosion and 
adhesion of coatings and can promise a cost reduction. 

The present invention provides a method for treating 
the surface of an aluminum alloy high-temperature 
processed article, comprising heating an aluminum alloy 
containing Mg at a high temperature of 200 'C or above, 
etching its surface with an aqueous solution containing a 
chelating agent, and then carrying out at least one 
surface treatment selected from hydration oxidation 
treatment, coating type chromating. coating, anodizing, 
and alternating current electrolysis in an aqueous alkali 
solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a graph to show the relationship between 
treatment temperature and oxide layer thickness. 

Fig. 2 is a graph to show the relationship between 



treatment time and color tone. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The aluminum alloy need in the present invention, 
containing 2-0* or nore of Mg may also contain, besides 
the Mg. not more than 2% of Cu. not more than 2* of Mn, 
not more than 1% of Cr, not more than 1* of Zr, not »ore 
than 1* of Si. not more than 1* of Fe . not more than 1* of 
V. not more than 2% of Zn, not more than 0.1* of Ti, not 
more than 0.05* of B, not more than 0.5* of Be and not 
more than O.OS* each of other elements for the purposes of 
malting crystals finer, improving superplaetic moldability 
and strength and preventing oxidation, or as impurities. 

The high- temperature processing at 200* C or above 
herein referes to superplastic processing and hot 
processing. The technical problems as discussed in the 
present invention are not caused in usual cold processing 
carried out at temperatures lower than this temperature. 

After the high-temperature processing has been 
carried out, the processed material is etched with an 
aqueous solution containing a chelating agent, and 
thereafter at least one surface treatment selected from 
hydration oxidation treatment, coating type chromatins , 
coating, anodizing, and alternating current electrolysis 
in an aqueous alkali solution is carried out. so that a 
high-temperature processed article with oxcellent 
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anticorrosion and adhesion of coatings can be obtained at 
a low cost . 

The etching Is carri d out In ord r to r move oxid 
layers, surface Kg and release agents. 

Stated specifically, after the aluminum alloy 
containing 2.0* or more of Mg has been heated at a high 
temperature of 200'C or above, its surface is etched with 
the aqueous solution containing a chelating agent, and 
thereafter at. least one surface treatment selected from 
hydration oxidation treatment, coating type chrometing, 
coating, anodizing, and alternating current electrolysis 
in an aqueous alkali solution is carried out. 

The etching by the use of the aqueous solution 
containing a chelating agent (the etching solution) causes 
no smuts to adhere to the surface and hence no desmutting 
is required, so that the process can be shortened. 

This treatment may be carried out by either dipping 

or spraying- L 

The chelating agent may include aminopolyeeroscylic 

acids such as EDTA (ethylenediaminetetraacetic acid) or 
alkali metal salts thereof, and alkali metal salts of 
aminocarboxylic acids such as picolinic acid. The 
chelating agent may be in a concentration of 0.005 
tt ol/lit. or more, and preferably from 0.005 »ol/lit to 0.5 
aiol/lit. Its in a concentration less than 0.005 
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mol/lit. may make the effect of the chel ting agent 
unsatisfactory, so that the oxide layer may remain to 
cause blackening, a poor adhesion and a poor aaticorro ion 
after the surface treatment. Smuts also tend to occur on 
the surface of the aluminum alloy material to make it 
necessary to provide the step of desmutting. 

As shown in Fig. 1, the oxide layer thickness 
abruptly increases when treated at a temperature of 3O0"C 
or above. There ere no particular limitations on the pH 
of the etching solution. However, as shown in Fig. 2, the 
etching for increasing the value L (psychometric 
lightness) must be carried out for a long time. Hence, 
the pH should preferably be 7 or more. 

In addition to the chelating agent, the etching 
solution may also contain an alkaline substance as 
exemplified by an alkali metal hydroxide such as sodi um 
hydroxide or potassium hydroxide or an alkaline earth 
metal hydroxide such as calcium hydroxide, an amine 
compound such as triethanolamine , an alkali metal salt of 
phosphoric acid or poly phosphoric acid, or a polyamine 
compound such as ethylenediamine . or an acidic substance 
as exemplified by a mineral acid such as hydrochloric acid 
or a carboxylic acid such as citric acid. It may still 
also contain a surface active agent such as a nonionic 
surface active agent. 
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The etching may be carried out at a temperature of 
from room temperature to the boiling point, and there are 
no particular limitations. The temperature may b 
appropriately selected according to the relationship 
between the quantity of oxide layers of samples and the 
treating time. In view of treating time and handling 
properties, the etching may preferably be carried out at 
from about 40 "C to about 90* C. The treatment time may be 

from several seconds (e.g.. 3 seconds) to about 30 
minutes. It may be appropriately set taking account of 

the concentration of the solution, the temperature, the pH 

and the quantity of oxide layers. 

The etching described above is a subbing treatment 

to the last. When the treated materials are actually 

formed into products such as construction materials. 

transport machinery materials, ornamentals, vessels and so 

forth, surface treatment such as coating and other 

treatment is carried out after the etching. 

The surface treatment carried out after the etching 

will be' described below. 

The surface treatment after the etching may first 

include hydration oxidation treatment. 

The hydration oxidation treatment may be carried 

out. without any particular limitations, by dipping the 

treated material in, or spraying it with, deionized water 
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of 50 'C or above. 

The d ionized water may contain the oxidizing 9 nt 
as disclosed in J pan se Pat nt Laid-open No. 59-211578. 
It may also contain the amine compound such as 
triethanolemine, as disclosed in Japanese Patent Laid-open 

No. 64-34731. 

The treatment time may be appropriately selected 
according to the relationship between the Treatment bath 
temperature, the required film thickness and so forth. In 
usual iterances, it may be set in the range of from about 
1 minute to about 60 minutes. 

The deionized water may have a pH of from about 4 to 
about 11. A pH of less than 4 or more than 11 is 
undesirable since the film formation can be insufficient 
or no film can be formed. 

in the case when this surface treatment is carried 
out on the aluminum alloy high-temperature processed 
article containing, e.g., 2* or more of Mg as in the 
present invention, the treating solution should preferably 
have the following composition, selected from the 
foregoing. That is, it is preferred to use water 
controlled to have 500 pp» or less of sulfuric acid 
radical ion concentration. 100 ppm or less of phosphoric 
acid radical ion concentration, 200 ppm or less of K, Na 
or the like alkali metal salt concentration and 200 ppm or 



- 11 - 



less of Fe. Cu or th like h avy metal salt concentration, 
having a pH of 6 to 8 and having a bath t mpereture of 
from 80-C to 100'C. If the pH is 4 or more or less than 
6. it takes a long time to form a coating. If the pH is 
more than 8 and 11 or less, formation of a coarse coating 
may result. If the bath temperature is lower than 80* C, 
the aluminum alloy may become unsatisfactory to cause a 
lowering of adhesion of coatings. 

The surface treatment carried out after the etching 
may also include coating type chromating. 

The coating type chromating may be carried out by 
conventional methods, using an aqueous solution containing 
Cr 6+ or Cr 3+ . which may also contain SiO z , a resin such as 
polyacrylic acid, a Zr salt, a Ti salt or the like. 

There are no particular limitations on its coating 
method, and the solution may be appropriately coated by 
roll coating, spraying or brushing. 

The coating weight may also be selected according to 
the purpose, and may usually be set in the range of from 

2 2 
about 0.1 g/» to about 5 g/» • 

In baking type chromating, baking nay be applied as 
desired. 

The surface treatment carried out after the etching 
may further include anodizing. The anodizing may be 
carried out by conventional methods, e.g., by electrolysis 
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in an aqueous solution of sulfuric acid, oxalic acid, 
phosphoric acid, boric acid or the like. 

The film thickness may be selected according to the 
purpose, and nay be set in the range of from about 0.1 to 
about 30 um. 

The surface treatment carried out after the etching 
may still further include alternating current electrolysis 
in an aqueous alkaline solution. 

This alternating current electrolysis in an aqueous 
alkaline solution may be carried out, for example, in an 
aqueous alkaline solution having a bath temperature of 
from 30 to 90 *C, as disclosed in Japanese Patent Laid-open 
No. 63-258674 and Japanese Patent Laid-open No. 2-182900. 

In the case when this surface treatment is carried 
out on the aluminum alloy high-tempereture processed 
article containing, e.g.. 2% or more of Mg as in the 
present invention, the treating should preferably be 
carried out under the following conditions, selected from 
the foregoing. That is, the electrolysis may preferably 
be carried out for a time of from 20 to 40 seconds and at 
a quantity of electricity of from 100 to 200 C/dm 2 . If 
the electrolysis time is less than 20 seconds or the 
quantity of electricity is less than 100 C/dm 2 , the film 
formation can be insufficient and formation of uneven 
coatings may result. If the electrolysis time is more 
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than 40 seconds or the quantity of electricity is nor 
than lOO C/dm 2 , dusting may occur to causa a lowering of 
adhesion of coatings. 

A3 st at ad above / defects such as cracks and MgO are 
present in a large number in the oxide layer fromed during 
the high-temperature processing, and also lubricants or 
release agents used at the tine of the high- temperature 
processing adhere to the coatings, so that coating 
properties such as adhesion of coatings become poor. 

Such difficulties can be prevented by removing the 
oxide layers formed during the high- temperature processing 
and the release agents and so forth having adhered during 
the high-temperature processing, and thereafter covering 
the surface with a coating having a good anticorroeion and 
also having a good surface appearance. 

In the present invention, after the aluminum alloy 
containing Mg has been heated at a high temperature of 
20CC or above, its surface is etched with the aqueous 
solution containing the chelating agent. This etching 
can; 

1) remove the oxide layers formed, end the release agents 
having adhered, during the high- temperature processing, so 
that the adhesion of coatings and the anticorroeion can be 
improved ; and 

2) prevent part of the oxide layers from being 
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incorporated at the tin of the hydration oxidation 
treatment or anodizing, so that coatings having whit 
(metallic gloss) beautiful surface appearance and having 
excellent aluminum alloy and adhe3ion of coatings can be 
formed . 

For the surface treatment subsequent to the etching 
Thus carried out. the etching is effective as follows: 

The hydration oxidation treatment is carried out in 
the deionized water at a temperature of 50 *C or above so 
that a dense, stable and anticorrosive hydrated oxide film 
can be formed on the surface. Since -OH groups and 
-0 groups are present on The surface of this coating, they 
combine with functional groups such as -COO groups. -OH 
groups, =0 groups and -NHCO groups to form firm hydrogen 
bonds, so that the adhesion of coatings can be improved. 
The triethanolaaine or the oxidizing agent promotes the 
formation of this hydrated oxide film, and hence its 
addition makes it possible to shorten the time required 
for the hydration oxidation treatment. 

The anodizing and the alternating current 
electrolysis in an aqueous alkali solution are each a 
treatment carried out to form a dense and stable oxide 
film on the surface so that the anticorrosion can be 
improved. On the surface of the oxide film formed by this 
treatment, reactive functional groups such as -OH groups 
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and -0 groups like those of the hydrat d oxide film ax© 
present, and h nee they act cooperatively with functional 
groups possessed by coating materials to bring about an 
improvement in the adhesion of coatings. 

The coating type chromatlng is carried out to form a 
chromate film, and a high anticorrosion can be obtained- 
Chroma te ions and functional groups of the coating film 
can also cooperatively act to bring about an improvement 
in the adhesion of coatings. In addition, since a 
treatment such as washing after coating is unnecessary, 
the present method can be applied also to articles having 
complicated shapes, and yet can be inexpensive. 

EXAMPLES 

The present invention will be described below in 
greater detail by giving Examples. 
Example 1 

Superpiastic materials (sheet thickness: 1.6 mm) 
comprised of A l-4SMg-l*Mn- 0.005*8 were maintained at 500 *C 
for 10 minutes, and thereafter processed by plastic blow 
molding at 5 MPa in the atmosphere. 

The resulting high-temperature processed sheets were 
left to naturally cool, and then each etched using an 
aqueous solution containing a chelating agent and under 
conditions as shown in Table 1, followed by washing with 
water and then drying. 
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Xh reafter, th subsequent surface treatment as 
shown in Table l was carried out. 

The surface-treated materials thus obtained were 
subjected to an SST test (salt spray test) according to 
JIS Z2731-1988 for 2,000 hours. 

A tape adhesion test was also carried out by 
sticking 18 mm wide Sekisui Polyester Tape No* 21 on the 
surface, and a peel strength at 90 # C was measured - 

The surface appearance was also visually evaluated. 

Results obtained are shown in Table 1. 

The subsequent surface treatments were carried out 
under the following conditions. 

(I) Hydration oxidation treatment (1): 

Pure water; immersed at 90 "C for 5 minutes. 

(II) Hydration oxidation treatment (2); 

An aqueous solution containing 100 g/lit. of 1- 
triethanolamine; immersed at 90* C for 1 minute. 

(III) Anodizing: 

15* by weight of sulfuric acid; 20*C; current 
density: 1.5 A/dm 2 ; electrolysis time: 10 minutes. 

(IV) Coating type chromating: 

A chromate treating agent was coated, followed by 

2 

natural drying. Dried coating weight: l g/m . 

(V) Alkali alternating current electrolysis: 

Sodium phosphate electrolytic solution; pH: 10.5; 




70 - C; electrolysis tim : 30 minutes. 
Th above (I) to (V) corresponds to tb se in Table 1. 

In Table 1, TEA i© en abbreviation for 
triethanolamine. The pH values shown in the table are 
values read on a pH meter. 

Comparative Example 1 

Example 1 was repeated except that the etching using 
the aqueous solution containing a chelating agent was not 
carried out after the superplastic blow molding and 
cooling. 

Results obtained are shown in Table 1. 
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Etching 



EDTA 
cone , 



"TEA 
cone. 



Temp< 



(mol/l) 
Example l 
0.02 
0.04 
O. 10 
0.20 
0. 10 



Table 1 



Time 



Surface Anti- Peel Ap- 
treat- corro- atr« pear- 
pent aion* enpth ance 



(0/1) CC) (min) 



{%) (N/cm*) 



100 


60 


1 


(I) 


o.os 


12 


Good 


lOO 


90 


1 


(ID 


o.os 


11 


Good 


40 


90 


2 


(III) 


0.1 


12 


Good 


100 


40 


10 


(IV) 


O.l 


8 


Good 


0 


90 


S 


(V) 


0,5 


14 


Good 



Comparative Example 1: 
No etching 
No etching 
No etching 
No etching 
No etching 



(I) 

(ID 

(III) 

(IV) 

(V) 



12 
12 
15 
10 
7 



5 
4 

S 
3 
6 



Black 

Black 

Black 

Uneven 

Gray 



* (Corrosion area) 



A3 in seen f ro» Table 1 . Example 1 in which the 
etching is carried out using the aqueous solution 



containing the chelating ag nt of the pr sent invention 
and Thereafter the further surface treatment is c rried 
out shows superior results all on the anticorrosion, the 
peel strength and the surface appearance, compared with 
Comparative Example l in which no etching was carried out 
before the further surface treatment. 

As is clear from the foregoing description, the 
method of the present invention for the surface treatment 
of the aluminum alloy high-temperature processed article 
can obtain superior results all in the anticorrosion, the 
adhesion of coaxings and the surface appearance, and the 
resulting products can be preferably used in construction 
materials, transport machinery materials, ornamentals, 
vessels and so forth. 



